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RI HQHUJ\ DYDLODEOH LI &KLQD GRHV  QRW DGRSW &&6 $OWKRXJK &KLQHVH VWDNHKROGHUV JHQHUDOO\ EHOLHYHG WKH HQHUJ\
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6OLJKWO\RYHUKDOIRIVWDNHKROGHUVFRQVLGHUHG RQO\VRPHWHFKQRORJL HVWREH PDWXUH )LJXUH DOWKRXJK
DSSUR[LPDWHO\RQHWKLUG ZHUHPRUHFRQILGHQW VHOHFWLQJHLWKHUµDOO WHFKQRORJLHV DUHPDWXUH¶ RUµPRVW RI
WHFKQRORJLHV DUHPDWXUH¶ 7KRVHUHVSRQGHQWVZKRZHUH SRVLWLYHO\ LQFOLQHG WRZDUGV&&6 WHFKQRORJL HV
QRUPDOO\ZHUHDEOHWRFLWH DWOHDVW RQHSODQQHG&&6SURMHFWLQ&KLQDVXFKDV*UHHQ*HQ1=(& RUWKH +1*WHVW
XQLW:HIRXQGVWDNHKROGHUVJHQHUDOO\ ZHUHPRUHRSWLPLVWLF DERXWWKHPDWXULW\RI &&6WHFKQRORJLHVFRPSDU HGWR
WKH&&3VXUYH\LQZKHQRQO\ RIDOO VWDNHKROGHUV DQGRILQGXVWULDOVWDNHKROGHUVFRQVLGH UHGDOORU
PRVW WHFKQRORJLHVWREHPDWXUH5HLQHUHWDO7KHHYLGHQFHRILQFUHDVLQJFRQ ILGHQFHRQWHFKQRORJLHVPD\EH
H[SODLQHGE\DQXPEHUSRWHQWLDO FRPPHUFLDO VFDOH&&6SRZHUSODQWV DUHLQWKHSLSHOLQHDQGD WRQ\UFDSWXUH
WHVWXQLWZDVVXFF HVVIXOO\ ODXQFKHG LQ%HLMLQJ VKRUWO\EHIRUHWKHVXUYH\ ZDVFRQGXFWHG &6,52 
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
)LJXUH9LHZV RQ WHFKQRORJ\UHDGLQHVVRI&&6 

6LQFH DVXEVWDQWLDOQXPEHURIVWDNHKROGHUVKDGH[SUHVVHGFRQFHUQVUHJDUGLQJ µKRZPXFKH[WUDFRDOZRXOGEH
FRQVXPHGLQGHSOR\LQJ&&6 WRDFKLHYHQHW&2HPLVVLRQVUHGXFWLRQV ¶ZHDVVHVVHGVWDNHKROGHUXQGHUVWDQGLQJ
RIWKHHQHUJ\SHQDOW\ $PRQJWKRVHZKRRIIHUHGDQXPEHU DSSUR[LPDWHO\ KDOIEHOLHYHG WKHQXPEHUZDVµ
RUKLJKHU¶ DQGWKHQH[WPRVWSRSXO DUDQVZHUZDVDSHQDOW\%\FRQWUDVWRQO\VRPH VHOHFWHG R UORZHU
EHOLHYHLWWREHRUORZHUEHOLHYHLWWREHDQGVWDWHG )RUWKRVH ZKR FODLPHG WREH
µXQVXUH¶RQO\ILYHVWDNHKROGHUV RSWHG IRUµNQRZOHGJHRI&&6¶ GLIIHUHQW WHFKQRORJLHVDQGVLWXDWLRQVPLJKW
UHVXOW LQVLJQLILFDQWGLIIHUHQWHQHUJ\SHQDOW\  7KH,3&&6SHFLDO5HSRUWRQ&&6HVWLPDWHG FDSWXUHDQG
FRPSUHVVLRQZRXOGQHHGURXJKO\PRUHHQHUJ\WKDQWKHHTXLYDOHQWSODQWZLWKRXWFDSWXUHGHSHQGLQJ RQWKH
W\SHRIV\VWHP 1DWXUDO*DV&RPELQHG&\FOHSODQWV ±3XOYHUL]HG&RDOSODQWV ±DQG ,QWHJUDWHG*DVLILFDWLRQ
&RPELQHG&\FOH SODQWV ±

3HUFHSWLRQVRIFDSWXUHUHDG\
,($ FRQFOXGHG WKDW HQV XULQJDSODQW ZDV FDSWXUHUHDG\ UHTXLUHG µD FOHDUO\ LGHQWLILHG VWUDWHJ\ E\ ZKLFK D
FUHGLEOHFDSWXUHWHFKQRORJ\FDQEHILWWHGWRWKHSODQW VSDFHDYDLODEOHERWKZLWKLQDQGDURXQGWKHSODQW WRSHUPLW WKH
FDSWXUH WHFKQRORJ\ WR EH ILWWHG D FUHGLEOH URXWH IRU FDSWXUHG&2 WR EH UHPRYHG IURP VLWH D QG VHQW WR VWRUDJH¶ ,Q
RXU VXUYH\DSSUR[LPDWHO\ KDOI WKH UHVSRQGHQWVEHOLHYHGFDSWXUHUHDG\VKRXOGEHGHILQHGE\DOORIWKHVHWKUHHIDFWRUV
UHVHUY LQJ VXIILFLHQWVSDFHFRQVLGHU LQJIXWXUHUHWURILWLQSODQWGHVLJQDQG EXLOGLQJ WKH SODQ WQHDU DJHRORJLFDOVWRUDJH
/HVVWKDQEHOLHYHG WKDWGHILQL QJFDSWXUHUHDG\VWDWXV ZDVQRWQHFHVVDU\DQG ZHUHXQVXUH 
7KHHVWLPDWHG H[WUD FRVW WR DFKLHYH D EDVLF OHYHO RI FDSWXUH UHDG\ IRUDSXOYHUL]HGFRDO ILUHGSRZHUSODQW  LH
     
$OOWHFKQRORJLHVDUH
PDWXUH
0RVWRIWHFKQRORJLHV
DUHPDWXUH
6RPHRIWHFKQRORJLHV
DUH PDWXUH
1RWPDWXUHDWDOO
1RW6XUH


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 ±  
RQO\ PRGLI\LQJ IURQW HQG HQJLQHHUL QJ GHVLJQ  DQG VHWWLQJ DVLGH VXIILFLHQW VSDFH LV URXJKO\  RI RULJLQDO
LQYHVWPHQW ZKLOH WKH FRVW WR DFKLHYH FDSWXUH UHDG\ ZLWK FOXWFKHG ORZ SUHVVXUH WXUELQH DOVR PRGLI\LQJ WKH VWHDP
WXUELQHLVODQGV LVDSSUR[LPDWHO\,($ 7KUHHTXDUWHUVRIWRWDOUHVSRQGHQWVUHVSRQGHGFODLPHG WKDW
WKH DFFHSWDEOH H[WUD LQYHVWPHQWFRVWVQHHGHG IRUFDSWXUHUHDG\LVEHORZZKLOHRQO\RIUHVSRQGHQWV EHOLHYHG 
WKH H[WUD FRVW ZRXOG EH  RU PRUH 0DQ\ SRZHU FRPSDQ\ VWDNHKROGHUV  ZRUULHG WKDW FDSWXUH UHDG\ LQ YHVWPHQW
ZRXOG ZRUVHQ WKHLU ILQDQFLDO VWDWXV VLQFHWKH HOHFWULFLW\ SULFH LV UHJXODWHG DV D UHVXOW PRVW ZHUH UHOXFWDQW WR DFFHSW
DQ\ H[WUD FRVW QRPDWWHU KRZ ORZ RUZLVK HG LW DV ORZ DV SRVVLEOH $ WRWDORI VL[VWDNHKROGHUVDOO IURP YHU\ ODUJH
VWDWHRZQHGSRZHU JURXSV EHOLHYHG LQFUHDVLQJ FRVWV E\ JUHDWHU WKDQ ZRXOGVWLOOEH DFFHSWDEOH DV ORQJ DV &&5
ZDVVXSSRUWHGE\ QDWLRQDO JRYHUQPHQWSROLF\ 
:KHQ DVNHG ZKLFK PHFKDQLVP FRXOG DFKLHYH FDSWXUH UHDG\  RI WKRVH UHVSRQGHQWV  RI WKH VDPSOH  
PRVWO\ IURP SRZHU FRPSDQLHV VXJJHVWHG ILQDQFLDO VXEVLGLHV  DQG DOORZ LQJ SODQWV WR PDNH GHFLVLRQV D WKLUG RI
UHVSRQGHQWVRIWKHVDPSOH IHOWJRYHUQPHQWVVKRXOGQRWHQFRXUDJHFDSWXUHUHDG\DWWKHPRPHQW DQGRQO\
RI UHVSRQGHQWV  RI WKH VDPSOH DJUHHG ZLWK WKH QHHG IRU D SROLF\ PDQGDWH 0RUHVWDN HKROGHUVZHUHKDSS\ WR
H[SORUHFDSWXUH UHDG\ DV W KHUHZHUH RI WKH VDPSOH IHOW XQVXUHZKLFKZDV ORZHU WKDQ RI WRWDO RU RI
LQGXVWU\ LQ RXU  VWXG\  DQG RQ WKH RWKHU KDQG WKH VXSSRUW IRU SROLF\PDQGD WH LV PXFK ORZHU  YV  
SUREDEO\ EHFDXVH UHJXODWHG SULFLQJPHFKDQLVP DQG PDQGDWRU\ JHQHUDWLQJ SROLFLHV KXUW  SRZHUFRPSDQLHV UHFHQWO\
5HLQHUHWDO  

,PSDFWVRI&&6RQFRDOSULFH

8QOLNH RXU VXUYH\ LQ ZKHQ WKHUH ZHUH VSOLWRSLQLRQV UH JDUGLQJ LPSDFWV RQ FRDO SULFHV VLJQLILFDQWO\PRUH
VWDNHKROGHUV EHOLHYHG ODUJH VFDOH GHSOR\PHQWRI&&6ZRXOG UDLVH FRDOSULFH ZKHUHDVRQO\EHOLHYHG FRDO
SULFHVZRXOGGURSLQUHVSRQVH IHOWWKHUHZRXOGEHQR LPSDFWDQGDTXDUWHUZHUHQRWVXUH RI WRWDORU
RILQGXVWU\IHOWXQVXUHLQ 5HJDUGLQJLPSDFWVRI&&6RQWKHYRODWLOLW\RIFRDOSULFHPRUHVWDNHKROGHUV
ZHUHQRWVXUH DQGDPDMRULW\RIWKHRWKHURIVDPSOHWKRXJKW WKHYRODWLOLW\ZRXOGLQFUHDVH
7KHPRVWSRSXODUUH DVRQJLYHQ IRU D KLJKHUFRDOSULFHLV WKH ULVLQJGHPDQG IRUFRDOQHHGHG WRFRPSHQVDWH IRUWKH
HQHUJ\SHQDOW\$PLQRULW\RIVWDNHKROGHUV GLVDJUHHGWKDW &&6ZRXOG UDLVHWKH FRDOSULFH DVWKH\S HUFHLYHGWKDWWKH 
FRDO SULFH ZRXOG GURS LQ WKH ORQJ UXQ WKHUHE\ PDNLQJ WKH FRVW RI &&6 HOHFWULFLW\ FRPSDUDEOH  ZLWK ORZ FDUERQ
DOWHUQDWLYHV ,Q DGGLWLRQ D QXPEHU RI VWDNHKROGHUV FODLPHG WKDW XQFHUWDLQWLHVRYHU WKH FDUERQ SULFH PLJKW GLUHFWO\
DIIHFWFRDOSULFHZKHQ&&6LVGHSOR\HG DQGDVDUHVXOW FRDOSULFH YRODWLOLW\ ZRXOG LQFUHDVH 

3HUFHLYHGSRWHQWLDOULVNVRI&&6 
*HQHUDOO\ VWDNHKROGHUV IHOWPRUH ULVN  DYHUVH LQ GHSOR\LQJ &&6 LQ &KLQD DVVKRZQLQILJXUH  FRPSDUHGZLWK
ERWK RXU VWXG\ 5HLQHU HW DO  DQG WKH (XURSH DQVXUYH\  6KDFNOH\ HW DO  7KHPRVW FRPPRQ
FRQFHUQV ZH UH RYHUODUJHVFDOH OHDNDJH DQG JHRORJLFDO GLVDVWHU GHVFULEHGE\ DQG UHVSHFWLYHO\DV SULPDU\
RUVHULRXV $PDVV RI VWDNHKROGHUV IUHTXHQWO\ FLWHG WKH 6LFKXDQ HDUWKTXDNH GLVDVWHU LQ0D\ DVPDQ\ZRUULHG DERXW
ZKHWKHU&2VWRUHGLQ WKH XQGHUJURXQG FRXOG WULJJHU DQ HDUWKTXDNH DVZHOO DV DQ HDUWKTXDNH FRXOG UHVXOW LQ ODUJH 
VFDOH OHDNDJH RI&2 /RFDOJRYHUQPHQWV UHVSRQ GHQWVZHUHPRUH FRQFHUQ HGDERXW KHDOWKKD]DUG V EHFDXVH KHDOWK
DQGVDIHW\ DUH LPSRUWDQW  FULWHULD LQ MXVWLI\LQJWKHLUSHUIRUPDQFH/RFDOLQWHUYLHZHHVWHQG HGWRZRUU\PRUHDERXWWKH
LPSDFWRQ LQYHVWPHQW DQGDOVRZDWHUSROOXWLRQ ZKLFK KDV EHF RPHPRUHWRSLFDO LQ&KLQD  
D. Reiner, X. Liang / Energy Procedia 1 (2009) 4827–4834 4831
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)LJXUH3RWHQWLDOULVNVRI&&6LQ&KLQD 
,QIOXHQWLDOIDFWRUVDQGLQFHQ WLYHVIRU GHSOR\LQJ&&6LQ&KLQD 

&&6 GHPRQVWUDWLRQ SODQWV DYDLODELOLW\ RI JHRORJLFDO VLWH V 86 FOLPDWH SROLFLHV FORVHO\ IROORZHG E\ WKH
DYDLODELO LW\ RI FRDO DQG&&65	' DUH YLHZHGDV WKH ILYHPRVW LPSRUWDQW  IDFWRUV LQIOXHQFLQJ WKH GHYHORSPHQW RI
&&6 )LJXUH  ,Q FRQWUDVW ZLWK RXU  &KLQHVH VXUYH\ 5HLQHU HW DO   WKH LPSRUWDQFH RI 86 FOLPDWH
SROLFLHV LQFUHDVHG OLNHO\ EHFDXVH RI WKH RQJRLQJ 86 JHQHUDO HOHFWLRQ DQG WKH LPSRUWDQFH RI FRDO VXSSO\ KDV
EHFRPHPR UHLPSRUWDQW DV &KLQD LPSRUWV PRUH FRDO DQG SRZHU JHQHUDWLRQ ILUPV EHDU WKHFRVWRIPRUH H[SHQVLYH
FRDO :H DOVR IRXQG QRW DVPDQ\ UHVSRQGHQWV DV WKRVH LQ  6KDFNOH\ HWDO  LQ (XURSH EHOLHYHG WKDW &&6OHJDO
DQG UHJXODWRU\ IUDPHZRUN DQG SXEOLF SHUFHSWLRQV RI &&6 ZHUH LPSRUWDQW  ZKLFK PD\  UHIOHFW &&6 DQG FOLPDWH
FKDQJHSROLF\PRUHJHQHUDOO\EHLQJIXUWKHUDGYDQFHGLQ(XURSH 
7KH PRVW SRSXODU PHFKDQLVP IRUVXSSRUW LQJ&&6 LQ&KLQD ZDV5	'DW  7KLVZDVIROORZHGE\RIIHULQJ
VXEVLGLHVWREXLOG&&6SODQWV DQG PDQGDWLQJSRZHUSODQWVVXSSO\D PLQLPXPOHYHO  RI ORZ FDUERQ HOHFWULFLW\
 6OLJKWO\ OHVV SRSXODU RSWLRQV ZHUH JXDUDQWHHLQJD  SUHPLXP WDULII IRU&&6  D FDUERQ WD[  DQG
UHTXLULQJ SRZHU SODQWV VXSSO\ D SURSRUWLRQ RI HOHFWULFLW\  WKURXJK &&6  7KHVH UHVXOWV UHIOHFW  VLJQLILFDQWO\
PRUHVXSSRUW IRUD FDUERQ WD[DQG OHVV VXSSRUW IRUJX DUDQWHHG SUHPLXP WDULIIV LQFRPSDULVRQ ZLWK RXU  VWXG\
5HLQHUHWDO  6RPH VWDNHKROGHUV IURPSRZHU FRPSDQLHVZRUULHGWKDW DJXDUDQW HHG SUHPLXPWDULII ZRXOGQRW
EHVXIILFLHQW WR FRYHUWKHLQFUHDVLQJIXHOFRVWLILWLVVLPLODUWRFXUUHQWHOHFWULFLW\SULFLQJPHFKDQLVP


$QDO\VLVDQG'LVFXVVLRQ 

3HUFHSWLRQV RI FOLPDWH FKDQJH VLJQLILFDQWO\ FRUUHODWH ZLWK WKH SULRULW\ DVVLJQHG WR &&6 LQ &KLQD:H ILQG WKRVH
ZKR SHUFHLYHG FOLPDWH FKDQJH WR EH D VHULRXV SUREOHP LQ WKH QHDU IXWXUH KDYH VLJQLILFDQWO\ KLJKHU OLNHOLKRRG RI
FODLPLQJ WKDW &&6 LV YHU\ LPSRUWDQW LQ DFKLHYLQJ GHHS FXWV LQ FDUERQ HPLVVLRQV LQ&KLQD DQG RI SULRULWL]LQJ&&6
DPRQJ ORZHU FDUERQ WHFKQRORJLHV  VLJQLILFDQFH FRQILGHQFH OHYHO DV ZHOO DV FKRRVLQJ &&6 DV EHLQJ PRUH
QHFHVVDU\RQDYHUDJHYVZKHUHLVYHU\QHFHVVDU\DQGLVQRW QHFHVVDU\DWDOO,QDGGLWLRQ SHUFHSWLRQV
RIHP LVVLRQVUHGXFWLRQSROLFLHVZHUHQHJDWLYHO\FRUUHODWHGZLWK WKHSHUFHLYHG LPSRUWDQ FHRISROLF\ DGRSWHGE\PDMRU
HPLWWHUV  FRQILGHQFH OHYHO LH WKRVH FODLPLQJ FXUUHQW SROLFLHV ZLOO OHDG WR IHZHU HPLVVLRQV UHGXFWLRQ KDYH
VLJQLILFDQWO\ KLJKHU FKDQFH LQ FKRRVLQJ 86 ,QGLD DQG &KLQD FOLPDWH SROLFLHV DV EHLQJ  YHU\ LPSRUWDQW  WR WKH
GHYHORSPHQW RI &&6 7KHUH LV DOVR D FRUUHODWLRQ EHWZHHQ WKRVH IDYRULQJ IRVVLO IXHO WHFKQRORJLHV &&6 &+3
DGYDQFHGVXSHUFULWLFDODQGWKRVHFRQVLGHULQJ&&6WREHPRUHQHFHVVDU\FRQILGHQFHOHYHO 
          
/DUJHVFDOHOHDNDJH
*HRORJLFDOGLVDVWHU
+HDOWKKD]DUG
,PSDFWRQ,QYHVWPHQW
:DWHUSROOXWLRQ
6RLOGHJUDGDWLRQ
(FRORJLFDOKD]DUG
3ULPDU\ 6HULRXV 0HGLXP 0LQRUV 1RULVN 8QVXUH /DFN,QIR
4832 D. Reiner, X. Liang / Energy Procedia 1 (2009) 4827–4834
 $XWKRUQDPH (QHUJ\3URFHGLD  ±  




























)LJXUH,QIOXHQWLDOIDFWRUVLQ&&6GHYHORSPHQWLQ&KLQD
    2XUDQDO\VLV LQGL FDWHV WKDW WKH SHUFHSWLRQV RI WKHPDWXULW\ RI &&6 WHFKQRORJLHV DUH LQGHSHQGHQW RI HLWKHU WKH
SULRULW\SODFHGRQWKHQHHG  IRU&&6RUWKHSHUFHSWLRQVRIFOLPDWHFKDQJH +RZHYHUZHILQGLQGXVWULDO VWDNHKROGHUV
DUHPRUHFHUWDLQDERXW WKH WHFKQRORJL FDOPDWXULW\DQG WKH HQHUJ\SHQDOW\ DQG DUHPRUHOLNHO\WR FODLPµPRVWR IWKH
WHFKQRORJLHV DUHPDWXUH¶ 7KHSHUFHSWLRQV RI WKHPDJQLWXGH RI WKH HQHUJ\ SHQDOW\ IURP &&6 DUH GLIIHUHQW DFURVV
VHFWRUVJ RYHUQPHQW UHVSRQGHQWV HVWLPDWH WKH HQHUJ\SHQDOW\ LV VLJQLILFDQWO\ ORZHU DSSUR[LPDWHO\  RQ DYHUDJH
FRPSDUHGZLWKLQGXVW U\ VWDNHKROGHUV 
5HJDUGLQJFDSWXUHU HDG\ WKHRGGVRI DFFHSWLQJ D FRVW LQFUHDVH RI JUHDWHU WKDQ FDQ EH ODUJHO\ H[SODLQHG E\
WZR GXPP\ YDUL DEOHV µPRVW &&6 WHFKQRORJLHV DUH PDWXUH¶  DQG µ&&6 LV YHU\ QHFHVVDU\¶  DQG RQH GHPRJUDSKLF
YDULDEO H µKLJKHU ZRUNLQJ WLPH VSHQW RQ &&6¶  7KHUH DUH VLJQLILFDQW UHJLRQDO GLIIHUHQFHV LQ VXJJHVWLQJ SRWHQWLDO
LQFHQWLYHV IRUFDSWXUH UHDG\  DV VWDNHKROGHUV IURP QRU WKHUQ &KLQD 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